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(54) PLASMA DISPLAY PANEL 



(57) A plasma display panel is provided, in which a 
false discharge between adjacent discharge ceils is pre- 
vented, and a generation of a address discharge be- 
tween a scanning electrode and a data electrode is en- 
sured, enabling the panel to display a quality picture. An 
discharge cell (15) Includes a recess (16) so as a die- 
lectric layer (3) may overlap a display electrode (5); and 
a scanning electrode (6) and a sustain electrode (7) in 



which a dimension where the recess(16) overlaps the 
scanning electrode (6) is made larger than a dimension 
where the recess (16) overlaps the sustain electrode (7) 
An discharge area Is restricted within the recess (1 6) for 
preventing a false discharge to occur between adjacent 
discharge cells (15), stabilizing address discharge be- 
tween the scanning electrode (6) and a data electrode 
(11). 
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Description 

TECHNICAL FN ELD 

[0001 ] This invention relates to a plasma display pan- 5 
el known as a display device. 

BACKGROUND ART 

[0002] A plasma display panel (hereinafter, called 
PDP) displays a picture with a gas discharge causing 
ultraviolet rays and exciting a phosphor with the ultravi- 
olet rays. 

[0003] The PDP can be roughly classified into an AC 
type and a DC type for Its driving method, and a surface 1* 
discharge type and an opposing discharge type for its 
discharging scheme. At present, the surface discharge 
type with three electrodes makes a mainstream of the 
PDP because of its convenience for producing high -pre- 
cision and large screen, and of its simplicity In manufac- 20 
turlng. This type comprises a front panel and a back pan- 
el oppositely faced, with the front panel having a plurality 
of display electrodes composed of a scanning electrode 
and a sustain electrode, and the back panel having a 
plurality of data electrode intersecting the display elec- 25 
trode at right angle; an discharge cell formed at the in- 
tersection of the display electrode and the data elec- 
trode; and a phospher layer deposited in the discharge 
cell. With this construction, the phospher layer can be 
made relatively thicker fitting to a color display which 30 
employs a phospher. This condition is disclosed in a 
non-patent related document, 'All about plasma display' 
(May 1 , 1997), coauthored by Hiraki Uchlike and Shlgeo 
Mikoshiba, Industrial Research Committee, p.p. 79, 80). 
[0004] The plasma display device using the above 35 
mentioned PDP features a high displaying speed, a 
wide viewing angle, easy production in a large size and 
a higher display quality by Its self-luminescence, com- 
pared to a liquid crystal panel. Because of its features, 
the device is particularly getting an attention among flat *o 
panel devices and is used for a variety of applications 
such as a display device for a public place and a display 
device for a family enjoying a picture in the large screen. 
[0005] Meanwhile, a request for a high precision PDP 
of this type Is growing. In order to meet the request, an 
arrayed pitch of the discharge cells must be narrow. 
When the pitch Is narrowed, a problem occurs, a false 
discharge between the adjacent discharge cells, ad- 
versely affecting the picture display. To display a quality 
picture with no defect such as of no-lighting, it is neces- so 
sary to securely generate a address discharge between 
the scanning electrode and the data electrode when the 
address is made for displaying the picture. 
[0006] The present invention Is made to overcome 
above problems and aims to provide a PDP, by prevent- 55 
ing the false discharge between the adjacent discharge 
cells even for the high-precision PDP and securely gen- 
erating the address discharge between the scanning 



electrode and the data electrode. 

DISCLOSURE OF THE INVENTION 

[0007] A PDP In this invention includes a front panel 
having a plurality of display electrodes composed of a 
scanning electrode and a sustain electrode covered with 
a dielectric layer, and a back panel having a plurality of 
data electrodes intersecting the display electrodes at 
right angles. The panels are faced with each other so 
that an discharge space is made between them, forming 
an discharge cell at an intersection between the display 
electrode and the data electrode. In the discharge cell, 
the dielectric layer includes a recess overlapping the 
display electrode, with a dimension where the recess 
overlaps the scanning electrode larger than a dimension 
where the recess overlaps the sustain electrode. 
[0008] With this structure, an discharge Is restricted 
within the recess and a false discharge to an adjacent 
cell Is prevented, and a address discharge between the 
scanning electrode and the data electrode is secured, 
attaining a PDP with a high display quality. 

BRIEF DESCRIPTIONS OF THE DRAWINGS 

[0009] 

Fig. 1 Is a cross-sectional perspective view of a PDP 
of the present invention briefly showing a structure 
of the PDP. 

Fig. 2 is a partially magnified view of an discharge 
cell of a front panel of the PDP In accordance with 
a first exemplary embodiment of the present inven- 
tion. 

Fig. 3 Is a cross sectional view of the front panel (n 
accordance with the first exemplary embodiment of 
the present invention depicting a discharge status. 
Fig. 4 is a partially magnified view of an discharge 
cell having other structure in the front panel of the 
PDP. 

Fig. 5 is a partially magnified view of an discharge 
cell having other structure In the front panel of the 
PDP. 

Fig. 6 is a partially magnified view of an discharge 
cell having other structure In the front panel of the 
PDP. 

Fig. 7 Is a partially magnified view of an discharge 
cell of a front panel of the PDP In accordance with 
a second exemplary embodiment of the present in- 
vention. 

Fig. 8 is a partially magnified view of an discharge 
cell having other structure in the front panel of the 
PDP. 

Fig. 9 is a partially magnified view of an discharge 
cell having other structure in the front panel of the 
PDP. 

Fig. 1 0 is a partially magnified view of an discharge 
cell having other structure In the front panel of the 
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PDP. 

Fig. 11 Is a partially magnified view of an discharge 
cell having other structure in the front panel of the 
PDP. 

Fig. 1 2 is a partially magnified view of an discharge 
cell having other structure In the front panel of the 
PDP. 

Fig. 1 3 Is a partially magnified view of an discharge 
cell in the front panel of the PDP in accordance with 
a third exemplary embodiment of the present Inven- 
tion. 

Fig. 14 Is a cross sectional view of the front panel 
in accordance with the third exemplary embodiment 
of the invention depicting a discharge status. 
Fig. 15 is a partially magnified view of an discharge 
cell of the front panel In other structure of the PDP 
In accordance with the third exemplary embodiment 
of the Invention. 

Fig. 1 6 is a partially magnified view of an discharge 
cell having other structure In the front panel of the 
PDP. 

Fig. 17 Is a partial magnified view of an discharge 
cell having other structure in the front panel of the 
PDP. 

Fig. 1 8 is a partially magnified view of an discharge 
cell having other structure in the front panel of the 
PDP. 

Fig. 1 9 Is a partially magnified view of an discharge 
cell having other structure in the front panel of the 
PDP; and 

Fig. 20 is a partially magnified view of an discharge 
cell having other structure In the front panel of the 
PDP. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

[0010] A plasma display panel in accordance with the 
present invention is described hereinafter using draw- 
ings. 

[0011] Fig. 1 is a cross-sectional perspective view of 
a PDP of the Invention briefly showing a structure of the 
PDP. Front panel 1 includes a plurality of display elec- 
trodes 5 covered with dielectric layer 3 and protect film 
4 a film of evaporated MgO, formed on substrate 2 made 
of a glass-like transparent and Insulating material. Dis- 
play electrode 5 Is composed of scanning electrode 6 
and sustain electrode 7 In a pair, with scanning electrode 
6 and sustain electrode 7 facing each other separated 
by a discharge gap MG. Scanning electrode 6 is com- 
posed of transparent electrode 6a, and of non-transpar- 
ent bus electrode 6b made of metallic materials such as 
Cr/Cu/Cr, and Ag formed on the transparent electrode. 
Likewise, sustain electrode 7 Is composed of transpar- 
ent electrode 7a and of non-transparent bus electrode 
7b of metallic materials such as Cr, Cu and Ag formed 
on the transparent electrode. 

[0012] Back panel 8 includes a plurality of data elec- 



trodes 11 covered with dielectric layer 10, formed on 
substrate 9 a glass-like Insulating material. Between 
electrodes 11 on dielectric layer 10, barrier rib 12 in a 
stripe shape is interposed in parallel with data elec- 

5 trodes 1 1 . On dielectric layer 1 0 and on a side of barrier 
rib 1 2, phosphor layer 1 3 is deposited In a stripe shape. 
Front panel 1 and back panel 8 are placed facing each 
other putting discharge space 14 between them and 
scanning electrode 6 and sustain electrode 7 Intersect 

10 data electrode 1 1 at right angles. In discharge space 1 4, 
at least one of rare gases Including helium, neon, argon 
and xenon is enclosed as a discharge gas. Discharge 
space 14, formed at the intersection where data elec- 
trode 11 separated by barrier ribs 12 crosses scanning 

*5 electrode 6 and sustain electrode 7, acts as discharge 
eel! 1 5. 

FIRST EXEMPLARY EMBODIMENT 

20 [0013] Fig. 2 Is a partially magnified view of an dis- 
charge cell of a front panel of the PDP according to ex- 
emplary embodiment 1 of the present Invention, Fig. 2A 
Is a plan view of the PDP viewed from a side of an dis- 
charge cell, Fig. 2B is a cross sectional view taken along 

25 the line X-X marked with an arrow, and Fig. 3 is a cross 
sectional view of the front panel according to exemplary 
embodiment 1 of the Invention depicting a discharge 
status. 

[0014] As shown In Fig. 2A and 23, in each discharge 
30 cell 15, dielectric layer 3 partially overlaps scanning 
electrode 6 and sustain electrode 7 forming display elec- 
trode 5, and Includes recess 16 concaved toward sub- 
strate 2. 

[0015] In exemplary embodiment 1 , recess 1 6 is wide 

35 jn its shape where the recess overlaps scanning elec- 
trode 6, and a dimension where recess 1 6 overlaps the 
scanning electrode 6 is made larger than a dimension 
where recess 1 6 overlaps sustain electrode 7. A position 
where barrier rib 12 contacts front panel 1 is shown by 

40 two dots chain lines. 

[0016] As shown in Fig. 2A and 2B, in discharge cell 
15, thickness in dielectric layer 3 Is different between a 
area having recess 1 6 and a rest of area, with a different 
electrostatic capacity as a condenser and a different dis- 

45 charge voltage. Because recess 1 6 having a thinner di- 
electric layer 3 has a larger electrostatic capacity easily 
storing an electric charge at Its bottom, a discharge volt- 
age is lower and the discharge is readily generated and 
maintained. Whereas, in the area other than recess 16, 

so the electrostatic capacity is smaller storing less electric 
charge, so that the discharge voltage higher and gener- 
ation and maintenance of the discharge are restrained. 
[0017] Namely, as shown in Fig. 3A, when recess 16 
according to exemplary embodiment 1 exists In dls- 

55 charges cell 1 5, discharge 1 7 is restricted within recess 
16 in discharge cell 15. Whereas, as shown in Fig. 3B, 
when recess does not exist, discharge area expands as 
Is shown by discharge 18 causing an abnormal dls- 
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charge leaking out to adjacent discharge cell 15. The 
abnormal discharge can thus be controlled In exemplary 
embodiment 1 . 

[0018] Moreover, in exemplary embodiment 1, be- 
cause the dimension where recess 1 6 overlaps scan- 
ning electrode 16 is made larger than the dimension 
where recess 1 6 overlaps sustain electrode 7, a address 
discharge which is made for displaying a picture In the 
PDP is reliably generated between scanning electrode 
6 and data electrode 11 , Improving quality of picture dis- 
play. 

[0019] Still more, because the discharge area Is re- 
stricted within recess 16 as mentioned, and recess 16 
is formed Inside barrier ribs 12 as shown in Fig. 2A, gen- 
eration of an discharge near barrier rib 1 2 is prevented. 
As a result, a problem - barrier rib 12 is electrically 
charged by the discharge and is etched with its Ion-im- 
pact, and the etched substance of barrier rib 1 2 falls and 
piles on phospher layer 13 deteriorating performance of 
phosphor layer 13 - is prevented. 
[0020] Furthermore, as shown in Fig 2A, because a 
side face of recess 16 Is deposited with protection film 
4 of MgO, a surface dimension of emitting electrons Is 
Increased, enabling to Increase an emitted amount of 
electrons per discharge cell 15. 
[0021] Fig. 4, 5 and 6 are partially magnified views of 
an discharge cell in the front panel of the PDP In other 
structures according to exemplary embodiment 1 . In the 
structure shown in Fig. 4, recess 1 6 in discharge cell 15 
Is shifted to scanning electrode 6. in the structure shown 
in Fig. 5, recess 1 6 is expanded where the portion over- 
laps scanning electrode 6 over and above the structure 
as shown in Fig. 4. It is also possible, as is shown in Fig. 
6, to overlap recess 1 6 with bus electrode 6b of scanning 
electrode 6 yet to overlap only with transparent elec- 
trode 7a of sustain electrode 7. In this case, because 
bus electrode 6b has a better electrical conductivity than 
transparent electrode 6a does, dielectric layer 3 on 
scanning electrode 6 is electrically much charged, se- 
curely the address discharge to occur during a address 
period. Consequently, the false discharge between ad- 
jacent discharge cells 1 5 Is further avoided and the pic- 
ture display quality is further improved. This effect can 
be further augmented by expanding an opening portion 
of recess 1 6 overlapping scanning electrode 6. 

SECOND EXEMPLARY EMBODIMENT 

[0022] Figs. 7 to 1 2 are partially magnified views of a 
discharge cell of the front panel of a PDP according to 
exemplary embodiment 2 of the present Invention. In 
discharge cell 15 according to exemplary embodiment 
2, protrusion 6c and 7c are respectively provided to 
scanning electrode 6 and sustain electrode 7, facing 
each other and separated by a discharge gap MG. In 
Figs. 7 and 8, recess 16 is made so as to overlap op- 
posing protrusions 6c and 7c, and a portion of recess 
16 to overlap scanning electrode 6 is made larger, in 



6 

Fig. 9 and 10, a position of recess 16 in discharge cell 
15 Is shifted toward scanning electrode 6, and a dimen- 
sion where recess 16 overlaps scanning electrode 6 Is 
made larger than that of where the recess overlaps sus- 

5 tain electrode 7. With these structures, because an dis- 
charge area in discharge cell 15 is additionally control- 
led by protrusions 6c and 7c, an abnormal discharge be- 
tween adjacent discharge cells 15 and an discharge 
near barrier rib 12 are much securely controlled. 

10 [0023] In Figs. 7 and 9, because protrusion 6c and 7c 
are composed of transparent electrode 6a and 7a, lumi- 
nescence of phospher layer 13 Is effectively permeated. 
If protrusion 6c and 7c are composed only of bus elec- 
trode 6b and 7b but eliminating transparent electrode 

t5 6a and 7a as shown in Figs. 8 and 1 0, formation of dis- 
play electrode 5 is easy. In addition to It, because bus 
electrode 6b and 7b are made of metallic material hav- 
ing a better electrical conductivity than that of transpar- 
ent electrode 6a or 7a, an electric charge with respect 

20 to recess 16 is easily accumulated, and control of the 
discharge area in discharge cell 15 is further secured. 
[0024] Protrusion 6c and 7c can be a comb-shape 
having multiples of forks as Illustrated In Fig. 1 1 , or can 
be a hollow shape as illustrated In Fig. 12. With these 

25 shapes, a dimension of protrusion 6c or of 7c can be 
reduced without changing a distance of the discharge 
gap MG. Therefore, even If protrusion 6c and 7c are 
composed of non-transparent bus electrode 6b and 7b, 
transparency of the luminescence from phospher layer 

30 13 Is compensated. If the dimension of the electrodes 
is reduced, discharge current can be controlled; there- 
with power consumption can be reduced. 

THIRD EXEMPLARY EMBODIMENT 

35 

[0025] Fig. 1 3 and Figs. 1 5 to 20 are partially magni- 
fied views of a discharge cell of the front panel of the 
PDP in other structure according to exemplary embod- 
iment 3 of the present Invention. Fig. 14 is a cross sec- 
40 tlonal view of thef ront panel according to exemplary em- 
bodiment 3 of the Invention depicting a discharging sta- 
tus. 

[0026] In discharge cell 1 5 in exemplary embodiment 
3, protrusions 6c and 7c are respectively provided to 

« scanning electrode 6 and sustain electrode 7 facing 
each other and separated by a discharge gap MG, and 
protrusion 6c and 7c have a different dimension. 
[0027] In discharge cell 15 In Fig. 13, scanning elec- 
trode 6 and sustain electrode 7 respectively includes 

so protrusion 6c and protrusion 7c facing each other sep- 
arated by the discharge gap MG. Recess 16 is consti- 
tuted so as to overlap protrusion 6c and 7C, and the di- 
mension of protrusion 6c is made largerthan that of pro- 
trusion 7c. Because of this structure, a dimension where 

55 recess 1 6 overlaps scanning electrode 6 is larger than 
a dimension where recess 16 overlaps sustain electrode 
7. Therefore, as shown in Fig. 14, generation and con- 
tinuation of discharge 17 is restricted within a area of 



4 



7 



EP 1 434 250 A1 



8 



recess 16. An abnormal discharge between adjacent 
discharge cells 15 Is thus prevented to occur even when 
a high precision PDP Is produced. Herein, Fig. 14 Is a 
cross sectional view of Fig 13A taken along the line of 
X-X marked with an arrow, but protection film 4 is elim- 
inated from being detailed. 

[0028] In addition to it, by making the dimension of 
protrusion 6c larger than that of protrusion 7c, the di- 
mension where recess 16 and scanning electrode 6 
overlap is made larger than the dimension where recess 
1 6 and sustain electrode 7 overlap. Because of it, a ad- 
dress discharge which Is made between scanning elec- 
trode 6 and data electrode 11 for displaying a picture is 
secured, improving a quality of displayed picture. 
[0029] If scanning electrode 6 and sustain electrode 
7 are constituted with only bus electrode 6b and 7b as 
shown In Fig. 15, a cost for forming electrode 5 Is re- 
duced. Furthermore, because bus electrode 6b and 7b 
are made of metallic material having a better electrical 
conductivity than transparent electrode 6a and 7b do, 
an electric charge Is easily accumulated In recess 16, 
further ensuring the discharge area to be restricted with- 
in discharge cell 15. 

[0030] Protrusion 6c and 7c can be made into a comb- 
shape having multiples of forks as shown in Fig. 16, or 
into a hollow shape as shown in Fig. 17. With these 
structures, the dimensions of protrusion 6c and 7c are 
reduced without the distance of discharge gap MG being 
changed, therewith a transparency for the lumines- 
cence from phospher layer 13 is compensated. Be- 
cause the dimension of the electrode is reduced, dis- 
charge current Is reduced and power con sumption Is re- 
duced. 

[0031] A shape of recess 16 can be made different 
between a side for scanning electrode 6 and a side for 
sustain electrode 7, in addition to the dimension of pro- 
trusion 6c and 7c being changed. Namely, the shape of 
recess 16 can be made larger at the side for scanning 
electrode 6 but narrower at the side of the sustain elec- 
trode 7 as shown in Fig. 1 8, or recess 16 can be shifted 
toward scanning electrode 6 as shown in Fig. 19. It is 
further preferable, by constituting the cell like In these 
instances, to make the dimension where recess 1 6 over- 
laps scanning electrode 6 larger than the dimension 
where recess 16 overlaps sustain electrode 7. 
[0032] Another structure is possible to make protru- 
sion 6c larger than protrusion 7c by Increasing an 
amount of It but keeping a width Identical with the other. 
With this structure, a similar effect is obtained. 
[0033] For attaining a high efficiency of PDP, a meth- 
od of Increasing a partial pressure of Xe of a discharge 
gas is generally known. A mixed gas of Xe with Ne and/ 
or He with the partial pressure of 5 to 30% of Xe Is used 
for instance as the discharge gas. However, when the 
partial pressure of Xe is raised, a discharge voltage is 
resultantly increased, and radiation of ultraviolet rays is 
also increased, easily saturating brightness. To over- 
come these problems, a film of dielectric layer 3 is made 



thicker in a conventional method for decreasing capac- 
itance of dielectric layer 3 therefore decreasing an 
amount of the electric charge generated per pulse. How- 
ever, as the thickness of dielectric layer 3 is Increased, 
5 transparency ratio of dielectric layer 3 Is decreased, fall- 
ing out the efficiency. When the thickness of dielectric 
layer 3 is increased, a problem occurs, an increase of 
the discharge voltage. 

[0034] In the present Invention, however, by properly 
10 selecting a shape and a size of recess 1 6 and of display 
electrode 5, the discharge area is restricted and the dis- 
charge current Is voluntarily controlled, thereby satura- 
tion of brightness caused by the high partial pressure of 
Xe is controlled. Namely, with the present invention, the 
15 discharge current necessary for the PDP with the high 
partial pressure of Xe is controlled only by the dielectric 
material without changing a circuit or a driving method. 



[0035] The present invention provides a plasma dis- 
play panel preventing a false discharge to occur be- 
tween adjacent discharge cells even for a high precision 
type, and securely generating a address discharge be- 
tween a scanning electrode and a data electrode, there- 
by displaying a quality display picture. 



A front panel including a plurality of display 
electrodes composed of a scanning electrode 
35 and a sustain electrode, and a dielectric layer 

covering the display electrodes; and 
a back panel including a plurality of data elec- 
trodes placed crossing over the display elec- 
trode at right angle, 

40 

wherein, the front panel and the back panel 
are disposed facing each other so as an discharge 
cell is made at an intersection between the display 
electrode and the data electrode. 
43 wherein, in the discharge cell, the dielectric 

layer has a recess overlapping the display electrode 
and a dimension where the recess overlaps the 
scanning electrode is made larger than a dimension 
where the recess overlaps the sustain electrode. 

50 

2. The plasma display panel as defined in claim 1 , 

wherein the recess Is enlarged where the re- 
cess overlaps the scanning electrode. 

55 3. The plasma display panel as defined in claim 1 , 

wherein, the recess is formed shifted toward 
the scanning electrode, In the discharge cell. 
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Claims 

30 

1 . A plasma display panel comprising: 
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4. The plasma display panel as defined In claim 3, 

wherein, the scanning electrode and the sus- 
tain electrode respectively includes a transparent 
electrode and a bus electrode made of a metallic 
material, 

wherein, the recess is formed shifting toward 
the scanning electrode so as the recess may over- 
lap the canning electrode at least with the bus elec- 
trode but overlaps the sustain electrode only with 
the transparent electrode. 

5. The plasma display panel as defined in claims 1 , 

wherein, the scanning electrode and the sus- 
tain electrode respectively includes a protrusion be- 
ing faced each other, ts 

wherein, the respective protrusion overlaps 
the recess. 

6. The plasma display panel as defined in claim 5, 

wherein, a dimension of the protrusion of the 20 
scanning electrode is larger than a dimension of the 
protrusion of the sustain electrode. 

7. The plasma display panel as defined in claim 5, 

wherein, the protrusion is one of in a comb 25 
shape with a plurality of forks and In a hollow shape. 

8. The plasma display panel as defined in claim 6, 

wherein, the protrusion is In one of a comb 
shape with a plurality of forks and a hollow shape. 30 

9. The plasma display panel as defined In claim 1 , 

wherein, one of gas of Xe-Ne-He mixture and 
Xe-He mixture is enclosed In an discharge space, 

wherein, a partial pressure of Xe is In 5 to 35 

30%. 
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FIG. 2A 
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FIG. 3A 
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FIG. 4A 
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FIG. 5A 
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FIG. 7A 
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FIG. 8A 
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FIG. 9A 
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FIG. 10A 
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FIG. 11A 
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FIG. 12B 
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FIG. 13A 
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FIG. 15A 
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FIG. 16A 
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FIG. 17A 
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FIG. 20A 
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Reference marks in the drawings 

1 '. Front panel 

2.9. Substrate 

3.10. Dielectric layer 

4. Protection film 

5. Display electrode 

6a, 7a. Transparent electrode 
6b, 7b. Bus electrode 
6c, 7c. Protrusion 
7. Sustain electrode 

10. Back panel 

1 1 . Data electrode 

12. Barrier rib 

13. Phospher layer 

1 4. Discharge space 

1 5. Discharge cell 

1 6. Recess 
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